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Description 

This invention relates to catalyst suitable fcr the polymerisation of an olefin^ 
The catalyst can be used in an improved process for polymensing olefins and more particularly in a 
5 method or controlling the molecular weight and/or the density of poryokrfins 
polymer product in any desired range of molecular weight and densities. 

to the polymerisation of ethylene in the presence or absence of comonomers to poryethylenes of controlled 
molecular weight and density. m„w 
In US Patent 3,051.690 of Vanuenberg, there is described a process of polymensmg olefins to high 

w molecular weight polyolefins of controlled molecular weight as indicated by P°^ er |o vl ^ s ^;^ Y J f h « 
addition of controlled amounts of hydrogen to the polymerisation system. The molecular weight control 
was described as useful in combination with a hydrocarbon insoluble catalyst system compnsmg the 
reaction product of a compound of a metal of Group IVB, VB..V1B. and VIII with an organometalhc 
compound of an alkali metal, alkaline earth metal, zinc, earth metal or rare earth metal. The patent teaches 

15 that increased use of hydrogen during the polymerisation process results in the decrease of polymer 

product viscosity. . . 

It is further known that certain metal locenes such as bis(cydopentadienyi) titanium or zirconium 
dialkyts in combination with aluminium alkyt/water coeataryst form homogeneous catalyst systems for the 
polymerisation of ethylene. . . 

to German Patent Application 2,608,863 discloses the use of a catalyst system for the polymerization of 
ethylene consisting of bis (cydcpenttdienyl) titanium dialkyl, aluminum trialkyl and water. 

German Patent Application 2,608,933 discloses an ethylene polymerization catalyst system consisting 
of zirconium metallocenes of the general formula (cydopentadienyD^rY^ wherein n stands for a number 
in the range of 1 to 4. Y for R, CrVUR,, CH^HjAIR, and CH^H(AIR,] a , wherein R stands for alkyl or metal I o 

H alkyl, an aluminum trialkyl coeataryst and water. 

European Patent Appln. No. C035242 discloses a process for preparing ethylene and atactic propylene 
polymers in the presence of a halogen-free Segler catalyst system of <1 > cydopentadieny* compound of the 
formula (cydopentadienyl ^MeY,-, in which n is an integer from 1 to 4, Me is a transition metal, especially 
zirconium, and Y is either hydrogen, a C-C. alkyl or metallo alkyl group or a radical having the following 

jo general formula CH,A1R„ CHjCH^AIR, and CH^CHIAIR,), in which R represents a C-C, alkyl or metallo 
alkyl group, and (2) an elumoxane. m 

The above patents disclose mat the polymerization process employing the homogeneous catalyst 
system is also hydrogen sensitive for molecular weight control. . ^ . i u 

An advantage of the cydopentadienyl-metal/alumoxane catalyst system, is their extremely high 

* activity for ethylene polymerization. Another significant advantage is that unlike olefin polymers produced 
in the presence of conventional heterogeneous Ziegler catalyst, terminal unsaturation is present in 
polymers produced in the presence of these homogeneous catalysts. The use of hydrogen for molecular 
weight control for these homogeneous catalysts would be disadvantageous since the terminal 
unsaturation would become saturated and hence, the loss of available sites for building functionalities into 

*> the olefin porymerv . . M 

In EP 35242. the patentee discloses that relatively low molecular weight polymer products are obtained 
at higher polymerization temperatures and relatively high molecular weight polymers at low 
polymerization temperatures. . 

As is generally known in the art it is desirable to maximize polymerization temperatures in order to 

4S achieve high polymerization activity and reduce operating costs in terms of energy recovery. The catalyst 
disclosed in EP 35242 has certain disadvantages for the production of high molecular weight high density 
resins since to produce such polymer products, one must operate at low temperatures thereby increasing 
operating costs and decreasing catalytic activity. . . . 

It would be highly desirable to provide homogeneous catalysts which can be usefully employed to 

so produce high molecular weight polymer products at conventional polymerization temperatures and to be 
able lo control molecular weight and density of the polymer product without resorting to temperature 

e0m J^rdin^A^e present invention provides new cydopentadienyl • metatfalumoxane catalysts for 
olefin porymerization which catalyst can be usefully employed at high temperatures to obtain olefin 

as polymer products having excellent properties with respect to molecular weight density and terminal 
unsaturation. . . 

It has been discovered that the molecular weight of polymer product can be controlled by the judicious 
selection of the substituent on the cydopentadienyl ring and use o* lipands for the metallocenes. It has 
further been discovered that comonomer content can be controlled by the judicious selection of 

m metallocenes. Hence, by the selection of catalyst components one can tailor polymer product with respect 
to molecular weight and density. , . . _ 

The catalysts usefully employed for the polymerization of ethylene and alpha-olefins to polyethylene 
homopoiyolefins and copolvethyiene- alphaolefir. comprise new metallocenes in combination with 
alumoxanes. The metallocenes en Noyed in accordance with this invention are organometalhc 

a coordination compounds which are cydopentadienyl derivatives of a Group 4b, 5b and 6b metal of the 
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• • w h\ anH trirvdaoentadtepiv! &r ^ derivrtives of th* transition mr_;alr. 

Periodic Table and "^^^^^S. general formula CC.R-J.R^C.R'JMeC,-. cr 

R".(C,R J,MeQ wherein Me ■■» r ?P? ^ edition) <C,R'..> is c cyclopentadienyl or substituted 
ffii&t Kd"Uen^. Hydrocaroy. radical such as 

LC^^^^^ radical having from 1 to 20 carbon atoms or two cerr.on atoms are 
alkyl. alkenyi. eryi, ai^iary.. or« y t iiicvlene radical a dialkyl germanium or silicone, or a 

joined together to form a n i*£-C< • ^^rocarbon radical such as eryl. alky., 

^"2 J£i£" t C^rd'^S...oc.n., one cn u,. certain «*.ne, These .re ,h. 
carbene represented by the formula 

Cp^r-CH,P(C.H i ) 1 CH 1 

and its derivative of the formula 

Cp ^rCH,CH(CH,)C H a 

and the carbene represented by the formula 

CpjTi-CHj-AKCH^CI 

and the derivatives of this carbene 

Cp^Ti-CH, * AKCH,),, <CpJiCH a ) a , 
Cfe TiCH a CH(CH a )C H lf Cp 2 T.«CH, • A.R*'',CI. 

wherein C P is a cyclopentadienyl or substituted cydopentadienyl radical, and W» :s an alkyl, aryl or 
alkylaryl radical havirg from 1—18 carbon atoms. 

The molecular weight of the po.yme* product can be further controlled by the ratio of alumoxane to 
^E^m polyethylene, having molecular weight at 

llbstrttrJ, of the higher .Ipha-otofin. are butene-1. hexene-1 and octen^ . h ^ no3or 

2^!^^ S«— — or carbene cataiys, 

"T— o M are PoN--c ^ 

the general formula R is a •'^'J'j" «w« R « methvt. Generally, in the preparation of alumoxenes 
^r-iumo^ can te prepared in "^^^ 
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form of a moist solvent. In an alternative method, the aluminum alky! such as aiuminorr. trime;:.-. car. i>* 
^«;«Kt^ ^nt^rt**i with a hvdr?ted salt such as hydrated copper sulfate. 

Pr^fTbr^.^mo«ne is Spared in the presence of a hydrated copper sulfate The me.hou 
«mon^trMtina . dX« solution of aluminum trimethyl in. for example, toluene, with copper sulfate 
™JTJTme owewl formula CuSO, • SH,0. The ratio of copper sulfate to aluminum tnmethyl .s 
oSlyfbom rmo'e of copp^ wlfate for 4 to 5 moles of aluminum trimethyl. The reaction is ovidencec 

* ^rnT^lc^T^^ ««efu..y employed in accordance with ^^^S^n 
bi and trieyclopentadienyl or substituted cyclopentadienyl metal compounds. The . mstal.ocenes sre 
represented by the general formula 

(C t R'J.R".(C,R'JMeC,.^ rt".(C,R'.) i MeQ' 

° f •Ex^h^roy. rS^r^hy.. etityl. propyl, buty.. amy.. iso.mvi. hexo. isobuty,. heptyi. 
octyl, nonyl. dicyl, oetyl. 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. • 

Exemplary halogen atoms include chlorine, bromine and iodine and of those nalogen atoms, chlonne 

'* P tomptarv of the alkylidene radicals is methylidene. ethylidene and propylidene. 

W *e m«allocen«rzirconocenes and titanocenes are most preferred. Illustrative but non.l.m.t,n S 
-x.mp.es erf meJ Tmeullocenes which can be usefully employed in accordance with th« • '"ve^re 
monoeydopentsdienyt titanocenes such as pentamethylcydopenttdienyl trtan.um tndilonde; '"^"^ 
bislCpT^IV) compounds such as bis(indenyl)Ti diphenyl or dichloride. b.slmethy!cyclc+entad,eny!.T; 
S pheny. or diMidi. and other dihalide complexes: dia.kyl. trUlkyl, tet^.llcyl LSffiT" 
dienyl trtanium compounds such as bis<1.2 - dimethyteydopentadienyHTi diphenyl or d chloride, b.s(1.2 - 
d «hv1c^op.madienyt)T-. diphenyl or dichloride and other dihalide complexes; s.i.cone, phosphme. 
am^ne^ca^oridged cydopentadiene complexes, such as dimethyl silyldicyclopentadienyl tamum 
StanS oTdiStloride! methyl phosphine dicydopentadienyl titanium diphenyl or dichlor.de. "ethyfcne- 
x dicydopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5.6.7 - tetrahydro.ndenyDt.tsn.um 

dichloride and other dihalide complexes. , ... 

Illustrative but non-limiting examples of the zirconocenes which can be us efully ""goytdin 
accordance with this invention are pentamethylcyclopentad.enyl zirconium tnchlonde. the a.ky HMmM 
cydopentadienes. such as bis(ethyl cydopentadienyOzirconium dimethyl, b.s(6 - J P h6 "V , P ro W'fVClopenta. 
« dienylterconium dimethyl. bis<methylcyclopentadienyl)zirconium dimethyl and_ d,hal,d€ » °* \ he 
above; di-elkyl. tri-alkyl. t«re-«tlrM. and penta-alkyl cydopentad.enes. such as b ?}«™«W*J^™": 
dienyltorconium dimethyl, bisl^mamtthylcydopenttdienyllz.rcon.um d.methyl. bisfU - d™ethylw o 
pentadienylteirconium dimethyl, bisOJ • diethylcyclopentadienyllzireonium dimethyl and dihal.de 
complexes of the above; silicone, phosphorus, and carbon bridged cydopentad.ene complexes such as 
*> dimethylsiMdicydopentadier.yl zirconium dimethyl or dihalide and methylphosph.ne dicydopentadienyl 
zirconium dimethyl or dihalide, and methylene dicydopentadienyl zircon.um dimethyl or 

The ratio of aluminum in the alumoxane to total metal in the metallocene or cat bene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are men hydrocarbons, .n pan.cu.- a 
45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and .nclude. for 
•x.mpl«X>butane. butane, pentane, hexane, heptane, octane, eydohexane. methylcyclohexane. toluene 

and j^»« ne j (th#r and fefinement of polymer molecular weight, one can vary the concentrate 

alumoxane. Higher concentrations of alumoxane in the catalyst system results m higher polymer proc . . • 

" Since, m^ecordenee with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene, 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the pc.lymer.zat.or. of 
ole.ins in solution, slurry or gas phase polymerizations and over a wide range of temperatures ana 

U pressures. For example/such temperatures mey be in the renge of -60*C to 280'C *nd especially m tne 
range of 50*C to 160*C. The pressures employed in the process of the present invention are those we!, 
known for, for example, in the range of about 1 to about 500 atmospheres 199.3 to 49644 kPa) and gtc^ur. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable so* 6 " 5 - tvp.ca.'y 
in inert hydrocarbon solvent such as toluene aisd xylene in molar ratios of about 5x10 M. However 

en greater or lesser amounts can be used. 

The soluble metallocene* can be converted to supported heterogeneous catalysts by depositing s. e; o 
metaltocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The so..o 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase oiti.n 

as ^Ato* polymerization and deactivation of the catalyst, the product polymer can be recc ^tc .»• 
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.. i- .».. for removal of deactivated catalysts and solution. The solvents may be 

^^T^X^Sm^SL oolymer obtained extruded into water and cut into pellets or 
E££K^^ antioxidant, and other additives, as is known ,n the art may 

* HISS p*dT« obtain* in accordance with «. » M " 

Weight Distribution (EP — A — 128 045). 

pa«m«ers^ere obtained with a Water's Aswciates data module. An anuox.dant. N - phenyl • 2 
nephthylemine, was added to all samples. 

s 150C. 

to a^>« oressure vessel, equipped with an incline blade stirrer, an external water jacket 

.r^xrr^ 

the vessel by a gas tight syringe through the seP um ,„,« ^.J^J^SS^ dfch.oride 

a molecular weight distribution of 3.5. 

0 Example 2 equipped with an incline blade stirrer, an external water jacket 

for^p.^ 

was dried and J"!^ 

directly intoihe pressure vessel. 20.0 cm ot alumo xane u /oa mmo « 2(w d 

distribution of 3.8 and activity Ikg/g.h.atm) of 467. 
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^ tamplesV-B wen performed Example II except that 0-2 mp of metallocenes as listed in Table II 
end M^lumLn. employed giving an Al/Zr of 6x10». The mult, are summaried m T .ble ... 



TABLE I 

Substituted cyciopentadiene (Cp) ligand effects 



Activity 





Example 


Catalyst*- 


Mw 


Mn 


MWU 


y.n.aun 


to 


1 


Cp^rCI, 


140.00C 


39,500 




252 




2 


(MaCp)^fO, 


212,000 


55300 


3.8 


467 


IS 


3 


(EtCp)tZtO s 


171,000 


44,700 


3.8 


306 




4 


(B-PP-Cp),ZKV 


282,000 


78,200 


3.6 


335 


20 


5 


(Me.Cp^rCI, 


63,000 


13,200 


4.7 


71 


*-Al/Zr=24,000 
*-pp« phenyl propyl 
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TABLE It 










Example 


Catalyst* 


Mw 


Pn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me t Cp),ZrCI 2 


47300 


13,200 


3.6 


142 




7 


(MeCp)^rCl, 


180,000 


48300 


3.7 


278 


35 


8 


(EtCp)^rCI, 


184,000 


50,000 


3.7 


281 



The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
40 the polymer density. The previous examples have demonstrated that through the ligand effect on* can 
control the molecular weight of polyethylenes. Tne following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In add I t.on 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

5X8 A?irS«^l pressure vessel, equipped with an incline blade stirrer, an extarnal water jacke: 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
w^s drSTand Oxygenated with a nitrogen flow. 400 cm' of dry. degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) wes peered 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at U00 rprns 
and StrC for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm' of liquid propylene at 25-C was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zircor,ium dimethyl in 10 
ml of toluene was injected through the septum inlet into the vessel. Ethylene et 152.1 psig (1148 kM ^was 

55 admitted and the reaction vessel was maintained at 50*C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. o6.0 g o t 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23*C. 

so tompte^O pre&sufe vesse , equipped with an incline blade stirrer, an external water jacket 

for temperature control, a septum inlet and vent line, and a regulated supply ot dry ethylene and rrtrogen 
was dried and deoxygenated with a nitrogen flow. 400 cm* of dry. degassed toluene was introdjceo 
directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 

65 into the vessel by a gas tight syringe through the septum inlet and thR mixture was stirred at ..200 rprns 
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and 5CTC for 5 minutes « 0 psig of nitrogen. 200 cm' of liquid propylene at 25«C was then added resultinc, in 
! ™«^» L 1 126:2 aria 1969 4 kPa) (MM mg of dimethylsilyl - cydopentadienyl i.rcon.um chlonde in H, 
ml oTSu^e £ ?SS*«m£ the septum intot imo the ve»el. Ethylene .« 152.4 P *g (1150 kPe) was 
rtm rS«»L maintained SOX. The ethvton. was passed mto the vernl for 30 
5 minuteY.'^ Sm. the r^ion was topped by rapidly venting and eoo..ng the reactor. 1M amy. f 
cop^n" having an intrinsic viscosity of 0.52 was Uo.ated which conta.ned 43 mole % propylene. The 
density was 0,854 g/cm' at 23*C. 

,o ^ Tl'itVr stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
wis X d^«"»t«S wit., a nitrogen flow. 400 cm' of dry. degassed toluene was '"roduced 
Mfe int "the pressure vessel. 10.0 cm' of alumoxane solution (0.8 moles in total aluminum) was mjected 
m^e Ces^blTgT^hTlynnge through the upturn inlet and the mixture ns stirred at U00 rpms . 

» art UrCtol fflbWn" 0 p*g(9M kPa) of nitrogen. 200 cm' of liquid propylene at 2PC was hen added 
ZUZS in pnZr. of 12U P»g «69.4 kPal 0.417 mg of 

dimrthyt in 10 ml of toleuene was injected through the septum inlet into ft. 1.5 PS.„ 
(1140 kPal was Admitted and the reaction vessel was ma.ntamed at 5CC The ethylene was passed into the 
ve*t.l for 25 minutes at which time the reaction was stopped by rap.dlyvent,ns , and cooling the reactor 
» 305 g of copolymer having an intrinsic viscosity of 0.81 was isolated wh.ch conta.ned 3.6 mole 
propylene. The density was 0.934 g/cm' at 23*C. 

Claim* 

» 1. A catalyst suitable for the polymerisation of an olefin comprising (a) the carbene represented by the 
formula 

Cp ! 2r-CH^(C,H,),CH, 

jo and its derivative of the formula 

Cp t ZrCH > CH(CH 3 )C K > 

and the carbene represented by the formula 

* CpjTi-CH, • AI(CH,),CI 

and the derivatives of this carbene 

^ CpsTi-CH,-AI(CH,),. (Cp,TiCH,)„ 

Cp, TiCH t CHlCH,)C H t . Cp,Ti«.CH, • AIR ",CI. 

wherein Cp is a cydopentadienyl or substituted cydopentadienyl radical. and IT i> an alkyl. aryl or 
48 alkylaryl radical having from 1-18 carbon atoms: or a compound of the formula 

(C,R J,R".(C.R JMeQ,., or R".(CR'J*MeO-. 

wherein Me is a Group 4b. 5b or 6b metal. (C.R '„) is cydopentadienyl or substituted cydopentadienyl each 

• R^i^ can * of the same or different, is hydrogen, an elkyl. alkeny.. 

having from 1 to 20 carbon atoms or two R' substituents together form a fused C<— C ring. R is » C--C« 
L^SemdicaU a dialkyl germanium or silicone or an alkyl phosphine or amine radical bnfgmg two 
rinw^aacn Q which can be the same or different, is aryl. alkyl. alkylaryl or arylalkyl rad.cal 

SiZ from 1 to 20 ca rbon atom, or halogen. Q- is an alkylidene radical having from 1 to » c^""* 

85 sUO or 1 p is 0 1 or 2: provided that s is 0 when p is 0; m is 4 when s is 1: m is 5 when s .s 0; and that at 

" ^™Vis\hydr^ 

2 A catalvst according to daim 1 wherein when p is 0. Q is chlonne end R is methyl, ethyl or Duty. 

3 A caulyst acmrding to daim 1 wherein compound (a) is bis(cydopontadienyl) titan.um d.phenyl. 
»£1£S2£^ lcH.AMCH.Wa. bi.<m.thy.cyc.opent.di.ny.) zirconium *eh.onde. .s(e tMcyc o- 

« nlnn^envll zirconium dichloride. bis(B - phenylpropylcydopentadienyl) zirconium d.chlonde. b.s<pent 8 - 
SSS^yirzirconium dichloride. bisltetramethylcydopentadienyl) zirconium *™W 
ShyS^'^-nv') *™" ium ai ™ ,h V' or ethylene bi«(4.5.6.7 - tetrahydro.ndenyl) ..tanium 
^aTvocb* for polymerising one or more olefins which comprises conducting the polymerisation in 

m the presence of a catalyst system as claimed in any one of claims 1 to 3. 
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5. A process according to daim 4 wherein the olefin is ethylene or an alpha-o.efin having frc^ 3 to 6 
carbon atoms per molecule. 



20 



1. Krtalysator. geeignet fur die Polymerisation eines Olefins, enthaltend ia) das Carben der Formp: 

Cp a 2r-CH 1 P(C,HJ,CH 3 

und sein Derivat der Formal 

Cpa2rCH£H(CH^H a 

und das Carben der Formel 

Cp,Ti«CH, • AI(CH,)jCI 

und die Derivate dieses Carbons 

CpJi«CH a • AKCH,)* (CpjTiCH,!,. 

Cpa TiC^CHtCH^lC H,, Cp,Ti«=CH, - AIR" ',0. 

worin Cp ein Cydopentadienyl Oder ein substituierter Cyclopentadienyirest ist und R'" ein AfkyK Ary I- oder 
25 Alkylaryirest mit 1 bis 18 Kohlenstoffatomen ist; oder eine Verbinduno o«r Formel 

tC 8 R'J p R".(C t R , JMeQ 3 - # oder R".(C 9 Rm)»MeQ 

ist. worin Mg ein Metall der Gruppe 4b. 5b oder 6b ist <C,R'm> am Cyclooentadienyl- oder ein u»™*e!ier 
so Cyclopentadienyirest ist. jeder Re*t R'. der gleich oder verschieden sein kann. ein VVasseratoff- e.n Alkyl-. 
Alken£ AryK Alkylaryl- oder Arylalkylrest mit 1 bis 20 Kohlenstoffatomen ist odor zwo> R -Substuuenter: 
zusammeneinen kondensierten C 4 -C,-Ring tailden. R" ein C-C Alkylenrest ein Dialkylgerman.um coer 
Silicon oder ein Alkylphosphin oder Aminrest dorzwei (C 9 R* J Ringe mitemander verbmdet. ist. tedcr Rest 
a der gleich oder verschieden sein kann. ein AryK Altvl-, Alkenyh Alkylaryl- Oder Arvlaitcylrest m.t i b-s 20 
35 Kohlenstoffatomen oder ein Halogenatom ist Q' ein Alkylidenrest mit 1 bis 20 Kohlenstoffatomen ist s 0 
oder 1 ist p 0. 1 oder 2 ist; mit der M.-Cgabe. diS s 0 ist wenn p 0 is; m 4 ist wenn s 1 ist; m 5 ist wenn s 0 
ist und daS mindestens ein Rest R* ein Hydrocarbylrest ist. wenn 8-0 und Q ein Alkylrest oder 
HaJogenstom ist und (bi ein Alumoxan. 

2 Kataiysator nach Anspruch 1. worin. wenn p 0 ist Q Chlor und R* Methyl, Ethyl oder Butyl ist. 
40 3 Katarvsator nach Anspruch 1. worin die Verbindung (a) bis{Cydopemadtenyi) - Titandiphenyi. 
bis(Cydopentadienyl) - T.-CHjAMCK,) bisiMethylcydopenladienyl) - Z'^oniumclichlortd ^^.^'Xir 
pentadienVl) - Zirkoniumdichlorid. bis(B - Phenylpropylcydopentad.eny!) . Z.rkoniumo.chlonc. b.s(to ■ 
merhylcydopentadienyl) - Zirkoniumdichlorid. bisfTetremethyl - cydopentadienyl I - Zinconiumdi met hvl. 
SstEm^opemadienyl) - Zirkoniumdimethyl oder Ethylen bis<4,5,6.7 - Tetrahvdro.ndenyl- - T.tarv 

dld 4° "vjfahren air Polymerisation eines Oder mehrerer Olefine. bei dem mar. die Polymerisatir-r in 
Gegenwart eines Katalysatorsystems nach einem der Anspruche 1 bis 3 durchfuhrt. 

5. Verfahren nach Anspruch 4. bei dem das Olefin Ethylen oder ein aipha-Olefin mit 3 bis 6 
so Kohlenstoffatomen pro Molekul ist. 



V Catalyseur apte a etre utilise pour la polymerisation d'une olefine, comprenam (a) te carbe^e 
ss represente par la tt/muie 

Cr^Zr-CHjPlCHsJ^Hs 

et son derive de formu!* 



so 



Cp, ZtCH T CH(CH 3 )C H a et 

le carbene represente par la formule 

Cp 2 Ti=CH 2 • AI(CH 3 ) : CI 
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e*. les derives de ce carbene. 

Cp 2 T»*CH s - Al(CH 3 ),. (Cp,TiCH s >„ 
Cp, TlCH > CHtCH a )C H 3 , Cp ? T.=CH : • AIR"'»CI. 

ou Cp est un radica- cyclopemadienyie ou cydopem.dieny.e substitue. et R» • est un radical a.lcy.e, er/.e ou 
aUcylaryle ayant 1 a 18 atomes de carbone; ou un compose de formule 
(C^-JpR-.tCeR-JMeQ^p ou R".<C 9 R* J } MeO\ 

wmwwmmmi 

^T^VurZT^^on 1. .«,u.. p .st . 9 .l a 0. Q .« .e ch.ore et W est un radica. 

^%iXr~iSf. revindication V d.:.» .«,ue. .. compose (a) •« 

' i ^ h;^~rt«f»nudi*nvllTi-CHJU(CH,>,Cl. le dichlorure le bislmethylevclopemadienyl - 

8 atomes de carbone par molecule. 



so 
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